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(57) ABSTRACT

An electroabsorption optical modulator used as a sampling
clement has two optical terminals and a power supply termi-
nal, the two optical terminals are used to input and output
light, and the power supply terminal imparts an electric field
to an optical path connecting the two optical terminals. The
clectroabsorption optical modulator has a characteristic 1n
which an absorption index 1s changed with respect to the light
beam propagating through the optical path according to a
level of the electric field. A monitoring (synchronization sam-
pling) object optical signal 1s input into one of the two optical
terminals of the electroabsorption optical modulator. A pre-
determined direct-current voltage exhibiting a high absorp-
tion index for the monitoring (synchronization sampling)
object optical signal 1s imparted to the power supply terminal
of the electroabsorption optical modulator. A sampling opti-
cal pulse 1s 1nput 1nto another of the two optical terminals of
the electroabsorption optical modulator through a photocou-
pler. The absorption 1index for the monitoring (synchroniza-
tion sampling) object optical signal 1s lowered by a mutual
absorption saturation characteristic of the electroabsorption
optical modulator, and synchromization sampling of the
monitoring (synchronization sampling) object optical signal
1s performed to supply an optical signal from the other of the
two optical terminals of the electroabsorption optical modu-
lator through the photocoupler. The mutual absorption satu-
ration characteristic 1s generated when the sampling optical
pulse 1s input 1nto the other of the two optical terminals.

235 Claims, 7 Drawing Sheets
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OPTICAL SIGNAL SYNCHRONIZATION
SAMPLING APPARATUS AND METHOD, AND
OPTICAL SIGNAL MONITORING
APPARATUS AND METHOD USING THE
SAME

This application 1s a U.S. National Phase Application
under 35 USC 371 of International Application PCT/JP2007/

073875 filed Dec. 11, 2007.

TECHNICAL FIELD

The present invention relates to optical signal synchroni-
zation sampling apparatus and method and optical signal
monitoring apparatus and method using the same, and par-
ticularly to optical signal synchronization sampling appara-
tus and method 1n which a technique of enabling information
on a wavelorm of an optical signal modulated by a high-speed
data signal to be accurately sampled with suificient resolution
1s adopted, and optical signal monitoring apparatus and
method 1n which the optical signal can correctly be monitored
using the optical signal synchronization sampling apparatus
and method.

BACKGROUND ART

In forming a network using the optical signal modulated by
the data signal, 1t 1s necessary to monitor the quality of the
optical signal propagating through the network with the opti-
cal signal momitoring apparatus.

Generally, the optical signal monitoring apparatus obtains
information on a wavetform of a signal on a transmission path,
and computes a value indicating the signal quality from the
wavelorm mformation and supplies the computation result.
Therefore, in the optical signal monitoring apparatus, 1t 1s
extremely difficult to obtain the wavetform information by a
photodetector directly receiving the optical signal which 1s
modulated by a data signal having a bit rate very high as tens
of Gb/s.

In a conventional optical signal monitoring apparatus, an
equivalent time sampling method 1s adopted to obtain the
information on the wavetform of the high-speed optical signal.

In the equivalent time sampling method, sampling 1s per-
formed to an optical signal P 1n which the same waveform 1s
repeated at a period Ta as shown 1n (a) of FIG. 9 using a
sampling pulse S having a period of Ts=N-Ta+AT which 1s
slightly longer than N multiplications (N 1s an integer) of the
period Ta by a time AT as shown 1n (b) of FIG. 9, thereby
obtaining instantancous amplitude values (1nstantaneous
intensity) at positions shifted from each other by AT 1n the
repetitive wavetorm of the optical signal P as shown (¢) of in
FIG. 9.

A wavelorm P' drawn by an envelope curve connecting the
obtained 1nstantaneous amplitude values 1s one 1n which the
wavelform of the optical signal P 1s enlarged by a factor of
T's/AT on a temporal axis. The waveform P' retains the wave-
form characteristics of the original optical signal P.

Accordingly, a probability distribution of an amplitude
indicating one of binary levels and an amplitude indicating
another of the binary levels 1s obtained for the waveform
information obtained by the equivalent time sampling, and a
Q value indicating the signal quality can be obtained by
computation of a standard deviation of the probability distri-
bution.

For example, Patent Document 1 discloses a technique of
performing the equivalent time sampling to the optical signal
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to compute the Q value indicating the signal quality from the
obtained waveform information.
Patent Document 1: Japanese Patent No. 3796357

In the technmique disclosed 1n Patent Document 1, usually a
non-linear optical material 1s used as an element for perform-
ing the equivalent time sampling to the optical signal.

Because the non-linear optical material usually has low
sampling efficiency (sampling eificiency measured by a
wavelorm conversion phenomenon, that 1s, waveform con-
version elliciency 1s not more than —20 dB), huigh S/N can be
obtained for the information on the waveform of the strong
optical signal while poor S/N 1s obtained for the information
on the waveform of the weak optical signal.

Therefore, 1t 1s thought that an electroabsorption optical
modulator having a transmission loss which 1s significantly
lower than that of the non-linear optical material, 1n other
words, the substantially high sampling efficiency 1s used as
the element for performing the equivalent time sampling of
the optical signal.

The electroabsorption optical modulator has a characteris-
tic 1n which an absorption imndex 1s changed with respect to
light passed through an optical path according to a level of an
clectric field imparted to the optical path connecting two
optical terminals. In the electroabsorption optical modulator,
the optical signal 1s fed 1nto one of the optical terminals, an
clectric sampling pulse signal 1s imparted to a power supply
terminal, and the absorption index 1s lowered with respect to
the optical signal to supply the sampling pulse signal from
another of the optical terminals only when the sampling pulse
signal 1s fed, thereby performing the sampling to the optical
signal.

For example, Patent Document 2 discloses a technique of
imparting the electric sampling pulse signal to the power
supply terminal of the electroabsorption optical modulator to
perform the sampling to the optical signal.

Patent Document 2: Jpn. Pat. Appln. KOKAI Publication No.

2004-2222352

However, 1n the technique disclosed 1n Patent Document 2,
high-frequency impedance matching is required 1n the elec-
tric sampling pulse signal, and 1t 1s extremely difficult that a
pulse width of the electric sampling pulse signal i1s stably
narrowed without ringing. Therefore, there 1s generated a new
problem 1n that the information on the waveform of the opti-
cal signal modulated at tens of Gb/s cannot accurately be
obtained with suificient resolution.

Furthermore, 1n the optical signal quality monitoring appa-
ratus 1n which the equivalent time sampling method disclosed
in Patent Document 1 1s adopted, the obtained wavetorms of
the predetermined number of bits are superimposed to pro-
duce an eye pattern. In the case where the quality computation
processing 1s performed to the eye pattern, a temporal axes of
the superimposed wavelorms are gradually shifted unless the
sampling period T's 1s strictly matched with N-Tc+AT, which
results 1n another problem 1n that the quality computation
cannot correctly be performed.

DISCLOSURE OF INVENTION

In order to solve the problems of the conventional tech-
nique, an object of the mvention 1s to provide optical signal
synchronization sampling apparatus and method, 1n which
the information on the waveform of the high-speed optical
signal can accurately be sampled with the high sampling
elficiency and sufficient resolution, and optical signal moni-
toring apparatus and method, 1n which the eye pattern of the
optical signal can stably be obtained while the optical signal
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can correctly be monitored using the optical signal synchro-
nization sampling apparatus and method.

In order to achieve the above-described object, according
to a first aspect of the present invention, there 1s provided an
optical signal synchronization sampling apparatus (100)
comprising;

a sampling optical pulse generation unit (21) which emits a
sampling optical pulse (Ps) having a period T's different from
a predetermined offset time AT to integral N multiplication of
a clock period Tc¢ of a data signal, the data signal modulating
a sampling object optical signal (Px); and

an optical sampling unit (22) which supplies an optical
pulse signal (Py) obtained by performing synchronization
sampling of the sampling object optical signal (Px) using the
sampling optical pulse (Ps) emitted by the sampling optical
pulse generation unit (21),

wherein the optical sampling unit (22) includes:

an electroabsorption optical modulator (23) which has two
optical terminals (23a, 23b) and a power supply terminal
(23¢), the two optical terminals (23a, 235) being used to input
and output light, the power supply terminal (23¢) imparting
an electric field to an optical path connecting the two optical
terminals (23a, 235), the electroabsorption optical modulator
(23) having a characteristic 1n which an absorption index 1s
changed with respect to the light propagating through the
optical path according to a level of the electric field, the
clectroabsorption optical modulator (23) receiving the sam-
pling object optical signal (Px) at one of the two optical
terminals (23a, 23b);

a direct-current power supply (24) which applies a prede-
termined direct-current voltage (Vdc) to the power supply
terminal (23c¢) of the electroabsorption optical modulator
(23), the electroabsorption optical modulator (23) exhibiting
a high absorption index with respect to the sampling object
optical signal (Px) at the predetermined direct-current voltage
(Vdc); and

a photocoupler (25) which receives the sampling optical
pulse (Ps) to mput the sampling optical pulse (Ps) into another
of the two optical terminals (23a, 23b) of the electroabsorp-
tion optical modulator (23), the sampling optical pulse (Ps)
being emitted by the sampling optical pulse generation unit
(21), the photocoupler (25) receiving the sampling object
optical signal (Px) to output the sampling object optical signal
(Px) as the optical pulse signal (Py), the sampling object
optical signal (Px) being emitted by the other of the two
optical terminals (23a, 23b) of the electroabsorption optical
modulator (23), and

wherein when the sampling optical pulse (Ps) 1s input, the
absorption index 1s lowered by a mutual absorption saturation
characteristic ol the electroabsorption optical modulator (23),
and the sampling object optical signal (Px) 1s passed onto a
side of the other of the two optical terminals (23a, 235) of the
clectroabsorption optical modulator (23) to perform the syn-
chronization sampling.

In order to achieve the above-described object, according
to a second aspect of the present invention, there 1s provided
the optical signal synchronization sampling apparatus
according to the first aspect, wherein, in order to prevent
leakage of the sampling optical pulse (Ps) to a transmission
path of the sampling object optical signal (Px), the sampling
optical pulse (Ps) being input into the other of the two optical
terminals (23a, 23b) of the electroabsorption optical modu-
lator (23),

the optical sampling unit (22) further includes:

a second photocoupler (26) which 1s inserted into the one of
the two optical terminals (23a, 235) of the electroabsorption
optical modulator (23); and
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4

an optical terminator (27) which terminates the sampling
optical pulse (Ps) through the second photocoupler (26).

In order to achieve the above-described object, according
to a third aspect of the present invention, there 1s provided the
optical signal synchronization sampling apparatus according
to the first aspect,

wherein the sampling optical pulse generation unit (21)
includes:

a reference signal generator (21a) having a synthesizer
confliguration in which a stable signal (Ra) 1s produced, the
stable signal (Ra) having a period Ts corresponding to a
period of the sampling optical pulse;

a multiplier (215) which supplies the stable signal (Ra) as
a signal (Rb) multiplied by a factor of M (M 1s more than one),
the stable signal (Ra) being produced by the reference signal
generator (21a) and having the period T's;

a light source (21d) which emits continuous light (Pcw);

an optical modulator (21¢) which modulates the continu-
ous light (Pcw) emitted from the light source (21d) by the
signal (Rb) multiplied by the factor of M, thereby supplying
an optical pulse (Pa) having a period Ts/M, the signal (Rb)
being supplied from the multiplier (215)

an optical gating circuit (21e) which thins out the optical
pulse (Pa) emitted from the optical modulator (21¢) into 1/M,
and converts the optical pulse (Pa) into an optical pulse (Pb)
having the period T's; and

a dispersion-decreasing fiber (21f) which narrows a pulse
width of the optical pulse (Pb) having the period Ts and
converted by the optical gating circuit (21¢), and supplies the
optical pulse (Pb) 1n a form of the sampling optical pulse (Ps).

In order to achieve the above-described object, according,
to a fourth aspect of the present invention, there 1s provided
the optical signal synchronization sampling apparatus
according to the first aspect,

turther comprising a parameter setting unit (28) which
receives information on a clock period Tc of the data signal
modulating the sampling object optical signal (Px) or infor-
mation on a bit rate of the data signal and information on the
predetermined offset time AT to obtain a sampling period T's
of the sampling optical pulse (Ps) from computation of

fs=N-Tc+AT

(where a value of N 1s determined by the clock period Tc of
the data signal and a frequency variable range of a signal
which can be supplied from the sampling optical pulse gen-
eration unit (21)),

the parameter setting unit (28) setting the sampling period
T's of the sampling optical pulse (Ps) 1in the sampling optical
pulse generation unit (21).

In order to achieve the above-described object, according,
to a fifth aspect of the present invention, there 1s provided an
optical signal monitoring apparatus (20) comprising:

an optical signal synchronization sampling apparatus
(100) including a sampling optical pulse generation unit (21)
which emits a sampling optical pulse (Ps) having a period T's
different from a predetermined offset time AT to integral N
multiplication of a clock period Tc of a data signal, the data
signal modulating a momitoring object optical signal (Px) and
an optical sampling unit (22) which supplies an optical pulse
signal (Py) obtained by performing synchronization sam-
pling of the monitoring object optical signal (Px) using the
sampling optical pulse (Ps) emitted by the sampling optical
pulse generation unit (21);

a photoelectric converter (30) which receives light of the
optical pulse signal (Py) supplied from the optical sampling
unit (22) of the optical signal synchronization sampling appa-
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ratus (100), and converts the optical pulse signal (Py) into an
clectric signal (Ey) to output the electric signal (Evy);
fundamental wave component signal output means (35) for
supplying a fundamental wave component signal (U) having
a frequency 1dentical to that of a fundamental wave compo-
nent of an envelope curve of the electric signal (Ey) supplied

from the photoelectric converter (30);
a comparator (36) which compares the fundamental wave

component signal (U) supplied from the fundamental wave
component signal output means (35) and a predetermined
threshold value (Vr); and

a data obtaining control unit (38) which starts to obtain

information on a wavetorm of the electric signal (Ey) sup-
plied from the photoelectric converter (30) at a time the fun-

damental wave component signal (U) exceeds the threshold

value (Vr) 1n the comparison performed by the comparator
(36).

wherein the optical sampling unit (22) of the optical signal
synchronization sampling apparatus (100) includes:

an electroabsorption optical modulator (23) which has two
optical terminals (23a, 23b) and a power supply terminal
(23¢), the two optical terminals (23a, 235) being used to 1nput
and output light, the power supply terminal (23¢) imparting
an electric field to an optical path connecting the two optical
terminals (23a, 23b), the electroabsorption optical modulator
(23) having a characteristic 1n which an absorption index 1s
changed with respect to the light propagating through the
optical path according to a level of the electric field, the
clectroabsorption optical modulator (23 ) receiving the moni-
toring object optical signal (Px) at one of the two optical
terminals (23a, 23b);

a direct-current power supply (24) which applies a prede-
termined direct-current voltage (Vdc) to the power supply
terminal (23c¢) of the electroabsorption optical modulator
(23), the electroabsorption optical modulator (23) exhibiting
a high absorption index with respect to the monitoring object
optical signal (Px) at the predetermined direct-current voltage
(Vdc); and

a photocoupler (25) which receives the sampling optical
pulse (Ps) to input the sampling optical pulse (Ps) into another
of the two optical terminals (23a, 23b) of the electroabsorp-
tion optical modulator (23), the sampling optical pulse (Ps)
being emitted from the sampling optical pulse generation unit
(21) of the optical signal synchronization sampling apparatus
(100), the photocoupler (25) receiving the monitoring object
optical signal (Px) to mput the momtoring object optical
signal (Px) as the optical pulse signal (Py) into the photoelec-
tric converter (30), the momtoring object optical signal (Px)
being emitted from the other of the two optical terminals
(23a, 23b) of the electroabsorption optical modulator (23),
and

wherein when the sampling optical pulse (Ps) 1s supplied,
the absorption index 1s lowered by a mutual absorption satu-
ration characteristic of the electroabsorption optical modula-
tor (23), and the monitoring object optical signal (Px) 1s
passed onto a side of the other of the two optical terminals
(23a, 23b) of the electroabsorption optical modulator (23) to
perform the synchromzation sampling.

In order to achieve the above-described object, according
to a sixth aspect of the present invention, there 1s provided the
optical signal monitoring apparatus according to the fifth
aspect, wherein, 1 order to prevent leakage of the sampling
optical pulse (Ps) to a transmission path of the monitoring
object optical signal (Px), the sampling optical pulse (Ps)
being input 1nto the other of the two optical terminals (23a,
23b) of the electroabsorption optical modulator (23),
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6

the optical sampling unit (22) further includes:

a second photocoupler (26) which 1s inserted into the one of
the two optical terminals (23a, 235) of the electroabsorption
optical modulator (23); and

an optical terminator (27) which terminates the sampling,
optical pulse (Ps) through the second photocoupler (26).

In order to achieve the above-described object, according
to a seventh aspect of the present invention, there 1s provided
the optical signal momitoring apparatus according to the fifth

aspect, wherein the sampling optical pulse generation unit
(21) 1ncludes:

a reference signal generator (21a) having a synthesizer
configuration in which a stable signal (Ra) 1s produced, the
stable signal (Ra) having a period Ts corresponding to a
period of the sampling optical pulse (Ps);

a multiplier (215) which supplies the stable signal (Ra) as
a signal (Rb) multiplied by a factor of M (M 1s more than one),
the stable signal (Ra) being produced by the reference signal
generator (21a) and having the period Ts;

a light source (21d) which emits continuous light (Pcw);

an optical modulator (21¢) which modulates the continu-
ous light (Pcw) emitted from the light source (21d) by the
signal (Rb) multiplied by the factor of M, thereby supplying
an optical pulse (Pa) having a period Ts/M, the signal (Rb)
being supplied from the multiplier (215);

an optical gating circuit (21e) which thins out the optical
pulse (Pa) emitted from the optical modulator (21¢) into 1/M,
and converts the optical pulse (Pa) into an optical pulse (Pb)
having the period Ts; and

a dispersion-decreasing fiber (21f) which narrows a pulse
width of the optical pulse (Pb) having the period Ts and
converted by the optical gating circuit (21¢), and supplies the
optical pulse (Pb) as the sampling optical pulse (Ps).

In order to achieve the above-described object, according
to an e1ghth aspect of the present invention, there 1s provided
the optical signal momitoring apparatus according to the fifth
aspect, further comprising a parameter setting unit (28) which
receives information on a clock period Tc of the data signal
modulating the monitoring object optical signal (Px) or infor-
mation on a bit rate of the data signal and information on the
predetermined offset time AT to obtain a sampling period T's
of the sampling optical pulse (Ps) from computation of

fs=N-Tec+AT

(where a value of N 1s determined by the clock period Tc¢ of
the data signal and a frequency variable range of a signal
which can be supplied from the sampling optical pulse gen-
eration unit (21)),

the parameter setting unit (28) setting the sampling period
T's of the sampling optical pulse (Ps) 1in the sampling optical
pulse generation unit (21).

In order to achieve the above-described object, according
to a ninth aspect of the present invention, there 1s provided the
optical signal monitoring apparatus according to the fifth
aspect, Turther comprising an analog/digital (A/D) converter
(31) which 1s inserted between the photoelectric converter
(30) and the data obtaining control unit (38), converts the
clectric signal (Ey) from the photoelectric converter (30) into
a digital value (Dy) by sampling the electric signal (Ey) with
a sampling clock (Es) synchronized with the sampling optical
pulse (Ps), and supplies the digital value (Dy) as a data signal
(Dy) to the data obtaining control unit (38).

In order to achieve the above-described object, according,
to a tenth aspect of the present invention, there 1s provided the
optical signal monitoring apparatus according to the ninth
aspect, wherein the sampling clock (Es) 1s supplied from the
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sampling optical pulse generation unit (21) while synchro-
nized with the sampling optical pulse (Ps).

In order to achieve the above-described object, according
to an eleventh aspect of the present invention, there 1s pro-
vided the optical signal monitoring apparatus according to the
fifth aspect, wherein,

in a filter system, the fundamental wave component signal
output umt (35) includes a narrowband bandpass filter (35f)
which has a center frequency equal to a clock frequency (Fc)
of the data signal modulating the monitoring object optical
signal (Px) or a center frequency double the clock frequency
(Fc), and extracts a sinusoidal fundamental wave component
signal (U) from the electric signal (Ey) supplied from the
photoelectric converter (30).

In order to achieve the above-described object, according,
to a twellth aspect of the present invention, there 1s provided
the optical signal monitoring apparatus according to the fifth
aspect, wherein,

in a PLL (Phase-Locked Loop) system, the fundamental
wave component signal output unit (35) includes:

a narrowband bandpass filter (35a) which has a center
frequency equal to a clock frequency Fc of the data signal
modulating the monitoring object optical signal (Px) or a
center Irequency double the clock frequency (FE), and
extracts a sinusoidal fundamental wave component signal (U)
from the electric signal (Ey) supplied from the photoelectric
converter (30);

a voltage control oscillator (355) which supplies an oscil-
lation output signal having a predetermined oscillation fre-
quency; and

a phase comparator (35¢) which supplies a control signal
(Vc¢) according to a phase difference between an output signal
of the bandpass filter (35a) and an output signal of the voltage
control oscillator (3556), and

the oscillation frequency of the voltage control oscillator
(35b) 1s controlled by the control signal (Vc¢) supplied from
the phase comparator (35¢) and a phase of the oscillation
output signal 1s synchronized with a phase ofthe output signal
of the bandpass filter (35a), whereby the synchronized sinu-
so1dal oscillation output signal 1s supplied as the fundamental
wave component signal (U).

In order to achieve the above-described object, according,
to a thirteenth aspect of the present invention, there 1s pro-
vided the optical signal monitoring apparatus according to the
fifth aspect, wherein the fundamental wave component signal
output unit (35) includes:

a frequency analysis computation unit (35¢) which obtains
a Irequency of a fundamental wave component by analyzing
a frequency of the electric signal (Ey) supplied from the
photoelectric converter (30); and

a signal generator (35/) which produces and supplies a
tfundamental wave component signal (U) having a frequency
identical to the fundamental wave component frequency
obtained by the frequency analysis computation unmt (35¢g).

In order to achieve the above-described object, according
to a fourteenth aspect of the present invention, there 1s pro-
vided the optical signal monitoring apparatus according to the
ninth aspect, further comprising a wavelform memory (39)
having a plurality (H) of different areas, the data obtaining
control unit (38) writing the data signal (Dy) supplied from
the A/D converter (31) in the areas of the waveform memory
(39) based on the output signal supplied from the comparator
(36).

In order to achieve the above-described object, according
to a fifteenth aspect of the present invention, there is provided
the optical signal monitoring apparatus according to the four-
teenth aspect,
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wherein the data obtaining control unit (38) repeats an
operation predetermined (H) times, and writes a predeter-
mined number (W) of data signals (Dy) 1n the plurality (H) of
different areas of the wavetform memory (39) 1n an address
order, the data obtaining control umit (38) starting to write the
data signal (Dy) in the waveform memory (39) at a time the
fundamental wave component signal (U) exceeds the thresh-
old value (Vr) 1n the comparator (36) and the data obtaining
control unit (38) standing by until the fundamental wave
component signal (U) exceeds the threshold value (Vr) again
alter the predetermined number (W) of data signals are writ-
ten 1n the operation.

In order to achieve the above-described object, according
to a sixteenth aspect of the present invention, there 1s provided
the optical signal monitoring apparatus according to the fii-
teenth aspect, further comprising a computation unit (40)
which computes a value indicating quality of the monitoring
object optical signal (Px) based on the data signal (Dy) writ-
ten 1n the waveform memory (39).

In order to achieve the above-described object, according
to a seventeenth aspect ol the present invention, there 1s
provided the optical signal monitoring apparatus according to
the sixteenth aspect,

wherein the computation unit (40) compares the data sig-
nals (Dy) written in the waveform memory (39) with a pre-
determined threshold to classity the data signals into a sample
value belonging to data “1”” and a sample value belonging to
data “0”, obtains an average value and a standard deviation of
a group of sample values for each of the data “1”” and the data
“07”, and obtains a ratio w/y of a difference n between the
average values of the data *“1” and the data “0” and a sum vy of
the standard deviations as a quality value (Q).

In order to achieve the above-described object, according
to an eighteenth aspect of the present invention, there 1s
provided the optical signal monitoring apparatus according to
the sixteenth aspect,

wherein the computation unit (40) superimposes pieces of
predetermined-bit wavelorm data (Dy) 1n the address order to
obtain an eye pattern, the predetermined number (W) of data
signals (Dy) being stored 1n the address order 1in each time for
said plurality (H) of different areas of the wavelorm memory
(39) 1n the predetermined-bit waveiorm data (Dy).

In order to achieve the above-described object, according,
to a nineteenth aspect of the present invention, there 1s pro-
vided an optical signal synchronization sampling method
comprising;

a sampling optical pulse generation step of emitting a sam-
pling optical pulse (Ps) having a period Ts different from
integral a predetermined offset time AT to N multiplication of
a clock period Tc¢ of a data signal, the data signal modulating
a sampling object optical signal (Px); and

an optical synchronization sampling step of supplying an
optical pulse signal (Py) obtained by performing synchroni-
zation sampling of the sampling object optical signal (Px)
using the sampling optical pulse (Ps) emitted by the sampling
optical pulse generation step,

wherein the optical synchromization sampling
includes:

a step ol preparing an electroabsorption optical modulator
(23) which has two optical terminals (23a, 23b) and a power
supply terminal (23¢), the two optical terminals (23a, 235)
being used to input and output light, the power supply termi-
nal (23¢) imparting an electric field to an optical path con-
necting the two optical terminals (23a, 235), the electroab-
sorption optical modulator (23) having a characteristic 1n
which an absorption index 1s changed with respect to the light
propagating through the optical path according to a level of

step
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the electric field, the electroabsorption optical modulator (23 )
receiving the sampling object optical signal (Px) at one of the
two optical terminals (23a, 235);

a step ol preparing a direct-current power supply (24)
which applies a predetermined direct-current voltage (Vdc)
to the power supply terminal (23¢) of the electroabsorption
optical modulator (23), the electroabsorption optical modu-
lator (23) exhibiting a high absorption index with respect to
the sampling object optical signal (Px) at the predetermined
direct-current voltage (Vdc); and

a step of preparing a photocoupler (25) which recerves the
sampling optical pulse (Ps) to input the sampling optical
pulse (Ps) into another of the two optical terminals (23a, 235)
of the electroabsorption optical modulator (23), the sampling
optical pulse (Ps) being emitted by the sampling optical pulse
generation unit (21), the photocoupler (25) receiving the sam-
pling object optical signal (Px) to output the sampling object
optical signal (Px) as the optical pulse signal (Py), the sam-
pling object optical signal (Px) being emitted by the other of
the two optical terminals (23a, 235) of the electroabsorption
optical modulator (23), and

wherein when the sampling optical pulse (Ps) 1s input, the
absorption index 1s lowered by a mutual absorption saturation
characteristic o the electroabsorption optical modulator (23),
and the sampling object optical signal (Px) 1s passed onto a
side of the other of the two optical terminals (23a, 235) of the
clectroabsorption optical modulator (23) to perform the syn-
chronization sampling.

In order to achieve the above-described object, according,
to a twentieth aspect of the present invention, there 1s pro-
vided an optical signal monitoring method comprising;:

a sampling optical pulse generation step of emitting a sam-
pling optical pulse (Ps) having a period (T's) different from a
predetermined offset time AT to integral N multiplication of
a clock period Tc¢ of a data signal, the data signal modulating
a monitoring object optical signal (Px);

an optical synchronization sampling step of supplying an
optical pulse signal (Py) obtained by performing synchroni-
zation sampling of the monitoring object optical signal (Px)
using the sampling optical pulse (Ps) emitted by the sampling,
optical pulse generation step;

a photoelectric conversion step of recerving light of the
optical pulse signal (Py) supplied from the optical synchro-
nization sampling step, and converting the optical pulse sig-
nal (Py) into an electric signal (Ey) to output the electric
signal (Ey);

a Tundamental wave component signal output step of sup-
plying a fundamental wave component signal (U) having a
frequency 1dentical to that of a fundamental wave component
of an envelope curve of the electric signal (Ey) supplied from
the photoelectric conversion step;

a comparison step of comparing the fundamental wave
component signal (U) supplied from the fundamental wave
component signal output step with a predetermined threshold
value (Vr); and

a data obtaining control step of starting to obtain informa-
tion on a waveform of the electric signal (Ey) supplied from
the photoelectric conversion step at a time the fundamental
wave component signal (U) exceeds the threshold value (Vr)
in the comparison step,

wherein the optical synchromization sampling step
includes:

a step of preparing an electroabsorption optical modulator
(23) which has two optical terminals (23a, 235) and a power
supply terminal (23c¢), the two optical terminals (23a, 235)
being used to input and output light, the power supply termi-
nal (23¢) imparting an electric field to an optical path con-
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necting the two optical terminals (23a, 235), the electroab-
sorption optical modulator (23) having a characteristic 1n
which an absorption index 1s changed with respect to the light
propagating through the optical path according to a level of
the electric field, the electroabsorption optical modulator (23 )
receiving the monitoring object optical signal (Px) at one of
the two optical terminals (23a, 23b);

a step ol preparing a direct-current power supply (24)
which applies a predetermined direct-current voltage (Vdc)
to the power supply terminal (23c¢) of the electroabsorption
optical modulator (23), the electroabsorption optical modu-
lator (23) exhibiting a high absorption index with respect to
the momitoring object optical signal (Px) at the predetermined
direct-current voltage (Vdc); and

a step of preparing a photocoupler (25) which receives the
sampling optical pulse (Ps) to mput the sampling optical
pulse (Ps) into another of the two optical terminals (23a, 235)
ol the electroabsorption optical modulator (23), the sampling
optical pulse (Ps) being emitted from the sampling optical
pulse generation step, the photocoupler (25) receiving the
monitoring object optical signal (Px) to input the monitoring
object optical signal (Px) as the optical pulse signal (Py) into
the photoelectric conversion step, the monitoring object opti-
cal signal (Px) being emitted from the other of the two optical
terminals (23a, 23b) of the electroabsorption optical modu-
lator (23), and

wherein when the sampling optical pulse (Ps) 1s supplied,
the absorption index 1s lowered by a mutual absorption satu-
ration characteristic of the electroabsorption optical modula-
tor (23), and the monitoring object optical signal (Px) 1s
passed onto a side of the other of the two optical terminals
(23a, 23)) of the electroabsorption optical modulator (23) to
perform the synchronization sampling.

In order to achieve the above-described object, according,
to a twenty-first aspect of the present invention, there 1s pro-
vided the optical signal monitoring method according to the
twentieth aspect, further comprising:

an analog/digital (A/D) conversion step of converting the
clectric signal (Ey) supplied from the photoelectric conver-
s1on step 1nto a digital value by sampling the electric signal
(Evy) using a sampling clock (Es) synchronized with the sam-
pling optical pulse (Ps), and supplying the digital value as a
data signal (Dy); and

a step of preparing a wavelorm memory (39) having a
plurality (H) of different areas, the data obtaining control step
writing the data signal (Dy) in the areas of the wavetorm
memory (39) based on the output signal supplied from the
comparison step, the data signal (Dy) being supplied from the
A/D conversion step.

In order to achieve the above-described object, according,
to a twenty-second aspect of the present invention, there 1s
provided the optical signal monitoring method according to
the twenty-first aspect,

wherein, 1n the data obtaiming control step, an operation 1s
repeated predetermined (H) times, and a predetermined num-
ber (W) of data signals are written in the plurality (H) of
different areas of the wavetform memory (39) in an address
order, writing of the data signal (Dy) in the waveform
memory (39) being started at a time the fundamental wave
component signal (U) exceeds the threshold value (Vr) in the

comparison step and stand-by being performed until the fun-
damental wave component signal (U) exceeds the threshold
value (Vr) again after the predetermined (W) number of data
signals are written 1n the operation.




US 8,098,995 B2

11

In order to achieve the above-described object, according
to a twenty-third aspect of the present imvention, there 1s
provided the optical signal monitoring method according to
the twenty-second aspect,

further comprising a computation step of computing a
value indicating quality of the monitoring object optical sig-
nal (Px)based on the data signal (Dy) written 1n the waveform
memory (39).

In order to achieve the above-described object, according
to a twenty-fourth aspect of the present invention, there 1s
provided the optical signal monitoring method according to
the twenty-third aspect,

wherein, 1 the computation step, the data signals (Dy)
written 1n the waveform memory (39) are compared with a
predetermined threshold value (Vr) to classity the data sig-
nals 1into a sample value belonging to data “1” and a sample
value belonging to data “0”, an average value and a standard
deviation of a group of sample values are obtained for each of
the data ““1”” and the data “0”, and a ratio Wy of a difference
between the average values of the data “1” and the data “0”
and a sum v of the standard deviations 1s obtained as a quality
value (Q).

In order to achieve the above-described object, according,
to a twenty-fifth aspect of the present invention, there 1s
provided the optical signal monitoring method according to
the twenty-third aspect,

wherein, 1n the computation step, pieces ol predetermined-
bit wavetorm data are superimposed in the address order to
obtain an eye pattern, the predetermined (W) number of data
signals being stored in the address order 1n each time for said
plurality (H) of different areas of the waveform memory (39)
in the predetermined-bit waveform data.

Thus, 1n the optical signal synchronization sampling appa-
ratus and method of the invention, the electroabsorption opti-
cal modulator 1s used as the sampling element, the sampling
object optical signal 1s 1nput 1into one of the optical terminals,
the direct-current voltage exhibiting the high absorption
index with respect to the sampling object optical signal 1s
imparted to the power supply terminal, the sampling optical
pulse 1s mput into another optical terminal of the electroab-
sorption optical modulator through the photocoupler, the
absorption i1ndex 1s lowered with respect to the sampling
object optical signal by the mutual absorption saturation char-
acteristics generated when the sampling optical pulse 1s input,
and the sampling object optical signal 1s supplied from the
other optical terminal.

Theretore, the optical pulse having the narrow width can be
used as the sampling optical pulse, the loss can be decreased
tor the sampling object optical signal, the sampling efficiency
can substantially be enhanced, and the synchronization sam-
pling of the information on the waveform of the sampling
object optical signal can accurately be performed with the
suificient resolution even if the sampling object optical signal
1s a weak optical signal.

Thus, 1 the optical signal monitoring apparatus and
method of the invention, the electroabsorption optical modu-
lator 1s used as the sampling element, the monitoring object
optical signal 1s input 1nto one of the optical terminals, the
direct-current voltage exhibiting the high absorption index
with respect to the monitoring object optical signal 1s
imparted to the power supply terminal, the sampling optical
pulse 1s input into the other optical terminal of the electroab-
sorption optical modulator through the photocoupler, the
absorption index 1s lowered with respect to the monitoring
object optical signal by the mutual absorption saturation char-
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acteristics generated when the sampling optical pulse is input,
and the monitoring object optical signal 1s supplied from the
other optical terminal.

Therefore, the optical pulse having the narrow width can be
used as the sampling optical pulse, the loss can be decreased
for the momitoring object optical signal, the sampling eifi-
ciency can substantially be enhanced, and the information on
the wavetform of the monitoring object optical signal can
accurately be obtained with the sufficient resolution even 1f
the monitoring object optical signal 1s a weak optical signal.

The fundamental wave component signal 1s extracted from
the signal obtained by sampling the momitoring object optical
signal, and obtaining the wavetform information 1s started at
the time the fundamental wave component signal exceeds the
threshold value. Therefore, the waveform information obtain-
ing start timing can be synchronized with the data signal
which modulates the actually input monitoring object optical
signal, and the eye pattern of the monitoring object optical
signal can stably be obtained by superimposing the plural
pieces of wavelorm information obtained at the start timing.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 15 a block diagram showing a configuration of an
embodiment to which optical signal synchronization sam-
pling apparatus and method according to the mvention and
optical signal monitoring apparatus and method, 1n which the
optical signal synchronization sampling apparatus and
method are used, are applied.

FIG. 2 1s a block diagram showing a configuration example
of a main part of FIG. 1.

FIG. 3 15 a view for explaining a characteristic example of
the main part of FIG. 1.

FIG. 4 1s a block diagram for explaining a configuration
example of the main part of FIG. 1.

FIG. 5 1s a wavetorm chart for explaining an operation with
respect to an optical signal having a repetitive waveform,
which 1s an operation of the embodiment performed by the
configuration of FIG. 1.

FIG. 6 1s a wavelform chart for explaining a storage
example of a waveform obtained by sampling, which 1s an
operation of the embodiment performed by the configuration
of FIG. 1.

FIG. 7 1s a wavelorm chart for explaining an eye pattern
obtained by superimposing the wavetforms stored in FIG. 6.

FIG. 8 1s a wavetorm chart for explaining an operation with
respect to an optical signal having a non-repetitive wavetorm,
which 1s an operation of the embodiment performed by the
configuration of FIG. 1.

FIG. 9 1s a wavelorm chart for explaiming an equivalent
time sampling method adopted 1n a conventional optical sig-
nal sampling apparatus.

BEST MODE FOR CARRYING OUT TH
INVENTION

(L]

A first embodiment, to which an optical signal synchroni-
zation sampling apparatus and an optical signal monitoring
apparatus in which the optical signal synchronization sam-
pling apparatus 1s used are applied, will be described with
reference to the accompanying drawings.

FIG. 1 1s a block diagram showing a configuration of the
first embodiment of an optical signal synchronization sam-
pling apparatus 100 according to the invention and an optical
signal monitoring apparatus 20 using the optical signal syn-
chronization sampling apparatus 100.
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A basic configuration of the optical signal synchronization
sampling apparatus 100 according to the invention includes a
sampling optical pulse generation unit 21 which emits a sam-
pling optical pulse Ps having a period Ts different from a
predetermined offset time AT to N integral multiplications of
a clock period Tc¢ of a data signal, the data signal modulating
a sampling object optical signal Px; and an optical sampling
unit 22 which supplies an optical pulse signal Py obtained by
performing synchronization sampling of the sampling object
optical signal Px using the sampling optical pulse Ps emitted
by the sampling optical pulse generation umt 21. The optical
sampling unit 22 includes an electroabsorption optical modu-
lator 23 which has two optical terminals 23a and 235 and a
power supply terminal 23c¢, the two optical terminals 23a and
23b being used to input and output light, the power supply
terminal 23¢ imparting an electric field to an optical path
connecting the two optical terminals 23a and 235, the elec-
troabsorption optical modulator 23 having a characteristic in
which an absorption index 1s changed with respect to the light
propagating through the optical path according to a level of
the electric field, the electroabsorption optical modulator 23
receiving the sampling object optical signal Px at one of the
two optical terminals 23a and 23b; a direct-current power
supply 24 which applies a predetermined direct-current volt-
age Vdc to the power supply terminal 23¢ of the electroab-
sorption optical modulator 23, the electroabsorption optical
modulator 23 exhibiting a high absorption index with respect
to the sampling object optical signal at the predetermined
direct-current voltage Vdc; and a photocoupler 25 which
receives the sampling optical pulse Ps to input the sampling
optical pulse Ps into another of the two optical terminals 23a
and 236 of the electroabsorption optical modulator 23, the
sampling optical pulse Ps being emitted by the sampling
optical pulse generation unit 21, the photocoupler 25 receiv-
ing the sampling object optical signal to output the sampling
object optical signal as the optical pulse signal Py, the sam-
pling object optical signal being emitted by the other of the
two optical terminals 23a and 235 of the electroabsorption
optical modulator 23. When the sampling optical pulse Ps 1s
supplied, the absorption index 1s lowered by a mutual absorp-
tion saturation characteristic of the electroabsorption optical
modulator 23, and the sampling object optical signal Px 1s
passed onto a side of the other of the two optical terminals 234
and 2356 of the electroabsorption optical modulator 23 to
perform the synchromzation sampling.

A basic configuration of a optical signal synchronization
sampling method according to the mvention includes a sam-
pling optical pulse generation step ol emitting a sampling,
optical pulse Ps having a period T's different from a predeter-
mined offset time AT to N integral multiplications of a clock
period Tc of a data signal, the data signal modulating a sam-
pling object optical signal Px; and an optical synchromization
sampling step of supplying an optical pulse signal Py
obtained by performing synchronization sampling of the
sampling object optical signal Px using the sampling optical
pulse Ps emitted from the sampling optical pulse generation
step. The optical synchronization sampling step includes a
step of preparing an electroabsorption optical modulator 23
which has two optical terminals 23a and 235 and a power
supply terminal 23c¢, the two optical terminals 23a and 235
being used to input and output light, the power supply termi-
nal 23¢ imparting an electric field to an optical path connect-
ing the two optical terminals 23a and 235, the electroabsorp-
tion optical modulator 23 having a characteristic in which an
absorption mdex 1s changed with respect to the light propa-
gating through the optical path according to a level of the
clectric field, the electroabsorption optical modulator 23
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receiving the sampling object optical signal Px at one of the
two optical terminals 23a and 235; a step of preparing a
direct-current power supply 24 which applies a predeter-
mined direct-current voltage Vdc to the power supply termi-
nal 23¢ of the electroabsorption optical modulator 23, the
clectroabsorption optical modulator 23 exhlibiting a high
absorption index with respect to the sampling object optical
signal Px at the predetermined direct-current voltage Vdc;
and a step of preparing a photocoupler 25 which receives the
sampling optical pulse Ps to input the sampling optical pulse
Ps into the other of the two optical terminals 23a and 235 of
the electroabsorption optical modulator 23, the sampling
optical pulse Ps being emitted from the sampling optical
pulse generation unit 21, the photocoupler 25 receiving the
sampling object optical signal Px to output the sampling
object optical signal Px as the optical pulse signal Py, the
sampling object optical signal Px being emitted from the
other of the two optical terminals 23a and 235 of the electro-
absorption optical modulator 23. When the sampling optical
pulse 1s supplied, the absorption index 1s lowered by a mutual
absorption saturation characteristic of the electroabsorption
optical modulator 23, and the sampling object optical signal
Px 1s passed onto a side of the other of the two optical termi-
nals 23a and 235 of the electroabsorption optical modulator
23 to perform the synchronmization sampling.

A basic configuration of the optical signal monitoring
apparatus 20 according to the ivention includes an optical
signal synchronization sampling apparatus 100 including a
sampling optical pulse generation unit 21 which emaits a sam-
pling optical pulse Ps having a period Ts different from a
predetermined offset time AT to N integral multiplications of
a clock period Tc¢ of a data signal, the data signal modulating
a monitoring object optical signal Px and an optical sampling
unit 22 which supplies an optical pulse signal Py obtained by
performing synchronization sampling of the monitoring
object optical signal using the sampling optical pulse Ps emiut-
ted from the sampling optical pulse generation unit 21; a
photoelectric converter 30 which recerves light of the optical
pulse signal Py supplied from the optical sampling unit 22 of
the optical signal synchronization sampling apparatus 100,
and converts the optical pulse signal Py into an electric signal
Ev to supply the electric signal Ey; fundamental wave com-
ponent signal output means 35 for supplying a fundamental
wave component signal U having a frequency 1dentical to that
of a fundamental wave component of an envelope curve of the
clectric signal Ey supplied from the photoelectric converter
30; a comparator 36 which compares the fundamental wave
component signal U supplied from the fundamental wave
component signal output unit 35 and a predetermined thresh-
old value Vr; and a data obtaining control unit 38 which starts
to obtain information on a wavelorm of the electric signal Ey
supplied from the photoelectric converter 30 at a time the
fundamental wave component signal U exceeds the threshold
value Vr in the comparison performed by the comparator 36.
The optical sampling unit 22 of the optical signal synchroni-
zation sampling apparatus 100 includes an electroabsorption
optical modulator 23 which has two optical terminals 23a and
23bH and a power supply terminal 23¢, the two optical termi-
nals 23a and 2356 being used to mput and output light, the
power supply terminal 23¢ imparting an electric field to an
optical path connecting the two optical terminals 23a and
23b, the clectroabsorption optical modulator 23 having a
characteristic in which an absorption index 1s changed with
respect to the light propagating through the optical path
according to a level of the electric field, the electroabsorption
optical modulator 23 recerving the monitoring object optical
signal at one of the two optical terminals 23a and 235b; a
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direct-current power supply 24 which applies a predeter-
mined direct-current voltage Vdc to the power supply termi-
nal 23¢ of the electroabsorption optical modulator 23, the
clectroabsorption optical modulator 23 exhibiting a high
absorption index with respect to the monitoring object optical
signal Px at the predetermined direct-current voltage Vdc;
and a photocoupler 25 which receives the sampling optical
pulse Ps to input the sampling optical pulse Ps into another of
the two optical terminals 23a and 235 of the electroabsorption
optical modulator 23, the sampling optical pulse Ps being
emitted from the sampling optical pulse generation unit 21,
the photocoupler 25 recerving the monitoring object optical
signal Px to input the monitoring object optical signal Px as
the optical pulse signal Py into the photoelectric converter 30,
the monitoring object optical signal Px being emitted from
the other of the two optical terminals 23a and 235 of the
clectroabsorption optical modulator 23. When the sampling
optical pulse Ps 1s supplied, the absorption index 1s lowered
by a mutual absorption saturation characteristic of the elec-
troabsorption optical modulator 23, and the monitoring
object optical signal Px 1s passed onto a side of the other of the
two optical terminals 23a and 235 of the electroabsorption
optical modulator 23 to perform the synchronization sam-
pling.

A basic configuration of an optical signal monitoring
method according to the invention includes a sampling opti-
cal pulse generation step of emitting a sampling optical pulse
Ps having a period Ts different from a predetermined offset
time AT to N integral multiplications of a clock period Tc¢ of
a data signal, the data signal modulating a monitoring object
optical signal Px; an optical synchromization sampling step of
supplying an optical pulse signal Py obtained by performing
synchronization sampling of the monitoring object optical
signal Px using the sampling optical pulse Ps emitted from the
sampling optical pulse generation step; a photoelectric con-
version step of recerving light of the optical pulse signal Py
supplied from the optical synchronization sampling step, and
converting the optical pulse signal Py into an electric signal
Evy to supply the electric signal Ey; a fundamental wave
component signal output step of supplying a fundamental
wave component signal U having a frequency 1dentical to that
of a fundamental wave component of an envelope curve of the
clectric signal Ey supplied from the photoelectric conversion
step; a comparison step of comparing the fundamental wave
component signal U supplied from the fundamental wave
component signal output step and a predetermined threshold
Vr; and a data obtaining control step of starting to obtain
information on a wavelorm of the electric signal Ey supplied
from the photoelectric conversion step at a time the funda-
mental wave component signal U exceeds the threshold Vr in
the comparison performed in the comparison step. The opti-
cal synchronization sampling step includes a step of prepar-
ing an electroabsorption optical modulator 23 which has two
optical terminals 23a and 235 and a power supply terminal
23¢, the two optical terminals 23aq and 235 being used to input
and output light, the power supply terminal 23¢ imparting an
clectric field to an optical path connecting the two optical
terminals 23a and 235, the electroabsorption optical modu-
lator 23 having a characteristic 1n which an absorption index
1s changed with respect to the light propagating through the
optical path according to a level of the electric field, the
clectroabsorption optical modulator 23 receiving the moni-
toring object optical signal Px at one of the two optical ter-
minals 23aq and 23b; a step of preparing a direct-current power
supply 24 which applies a predetermined direct-current volt-
age Vdc to the power supply terminal 23¢ of the electroab-
sorption optical modulator 23, the electroabsorption optical
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modulator 23 exhibiting a high absorption index with respect
to the sampling object optical signal Px at the predetermined
direct-current voltage Vdc; and a step of preparing a photo-
coupler 25 which receives the sampling optical pulse Ps to
iput the sampling optical pulse Ps into another of the two
optical terminals 23a and 235 of the electroabsorption optical
modulator 23, the sampling optical pulse Ps being emitted
from the sampling optical pulse generation step, the photo-
coupler 25 receiving the monitoring object optical signal Px
to output the monitoring object optical signal Px as the optical
pulse signal Py, the monitoring object optical signal Px being
emitted from the other of the two optical terminals 23a and
23b of the electroabsorption optical modulator 23. When the
sampling optical pulse Ps 1s supplied, the absorption index 1s
lowered by a mutual absorption saturation characteristic of
the electroabsorption optical modulator 23, and the monitor-
ing object optical signal Px 1s passed onto a side of the other
ol the two optical terminals 23a and 235 of the electroabsorp-
tion optical modulator 23 to perform the synchromization
sampling.

The optical signal monitoring apparatus 20 and optical
signal monitoring method in which the optical signal syn-
chronization sampling apparatus 100 and optical signal Syn-
chronization sampling method to which the invention 1is
applied are used will specifically be described below.

In the optical signal momtormg apparatus 20 and optical
signal monitoring method in which the optical signal syn-
chronization sampling apparatus 100 and optical signal Syn-
chronization sampling method to which the invention 1is
applied are used, the optical signal Px 1s set to a monitoring
(sampling) object. The optical signal Px 1s modulated by the
data signal which 1s transmitted on an optical network (not
shown), and the optical signal Px has the predetermined clock
period Tc.

The sampling optical pulse generation unit 21 produces a
sampling optical pulse Ps to supply the sampling optical pulse
Ps to the optical sampling unit 22. The sampling optical pulse
Ps has a period Ts different from the N integral multiplica-
tions of the clock period Tc¢ of the data signal by the prede-
termined offset time AT, and the data signal modulates the
optical signal Px of the monitoring target.

At this point, the optical signal synchronization sampling
apparatus 100 to which the invention 1s applied includes the
sampling optical pulse generation unit 21 and the optical
sampling unit 22.

Any configuration may be adopted for the sampling optical
pulse generation unit 21 as long as the sampling optical pulse
generation unit 21 can produce the period Ts 1n which the
optical pulse having the narrow width 1s specified.

FIG. 2 1s a block diagram showing an example of the
sampling optical pulse generation unit 21.

The sampling optical pulse generation unit 21 includes a
reference signal generator 21 having a synthesizer configu-
ration 1n which a stable signal Ra 1s produced, the stable
signal Ra having the period Ts corresponding to a period of
the sampling optical pulse Ps; amultiplier 215 which supplies
the stable signal Ra in a form of a signal Rb multiplied by a
factor of M (M 1s more than one), the stable signal Ra being
produced by the reference signal generator 21a and having
the period Ts (frequency Fs); a light source 214 which emits
continuous light Pcw; an optical modulator 21¢ which modu-
lates the continuous light Pcw by the signal Rb multiplied by
the factor of M, thereby emitting an optical pulse Pa having a
period Ts/M, the continuous light Pcw being emitted from the
light source 214, the signal Rb being supplied from the mul-
tiplier 215; an optical gating circuit 21e which thins out the
optical pulse Pa emitted from the optical modulator 21c¢ into
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1/M, and converts the optical pulse Pa into an optical pulse Pb
having the period Ts; and a dispersion-decreasing fiber 21/
which narrows a pulse width o the optical pulse Pb having the
period Ts, the optical pulse Pb being converted by the optical
gating circuit 21e, and supplies the optical pulse 1n a form of
the sampling optical pulse Ps.

The reference signal generator 21a having the synthesizer
configuration produces the stable signal Ra having the period
Ts (frequency Fs) specified by a parameter setting unit 28
described later. The stable signal Ra 1s mput into the multi-
plier 215, which multiplies the stable signal Ra by a factor of
M (M 1s more than one). Then, the output signal Rb 1s input
into the optical modulator 21¢, which modulates the continu-
ous light Pcw emitted from the light source 21d, thereby
generating the optical pulse Pa having the period Ts/M.

The pulse width of the optical pulse Pa 1s narrowed to 1/M
in comparison with the case where the continuous light Pcw
1s directly modulated by the signal Ra.

The optical gating circuit 21e thins out the optical pulse Pa
into 1/M, and the optical pulse Pa i1s converted into the optical
pulse Pb having the period Ts. Then, the optical pulse Pb 1s
iput into the dispersion-decreasing fiber 21f to narrow the
pulse width of the optical pulse Pb, and the optical pulse Pb 1s
finally supplied as the sampling optical pulse Ps.

On the other hand, the optical sampling unit 22 performs
the sampling of the monitoring (sampling) object optical
signal Px using the sampling optical pulse Ps emitted from the
sampling optical pulse generation unit 21, and supplies the
optical pulse signal Py obtained by the sampling.

The optical sampling unit 22 includes the electroabsorp-
tion optical modulator 23, the direct-current power supply 24,
and the circulator type photocoupler 25.

As described above, the electroabsorption optical modula-
tor 23 has the two optical terminals 23a and 235 and the power
supply terminal 23¢. The two optical terminals 23a and 235
are used to mput and output light, and the power supply
terminal 23¢ imparts the electric field to the optical path
between the two optical terminals 23a and 235. The electro-
absorption optical modulator 23 has the characteristic 1n
which the absorption index 1s changed with respect to the
light propagating through the optical path according to the
level of the electric field imparted to the optical path.

As disclosed 1n Patent Document 2, usually an electric
sampling pulse signal 1s imparted to the power supply termi-
nal 23c¢ in the electroabsorption optical modulator 23.

In the case of the eclectric sampling pulse signal, as
described above, it 1s extremely diflicult to produce the elec-
tric sampling pulse signal having the narrow width necessary
to obtain the information on the waveform of tens of Gb/s.

Therefore, 1n the invention, as shown in FIG. 1, the optical
signal Px 1s input into the optical terminal 23a of the electro-
absorption optical modulator 23, the sampling optical pulse
Ps having the narrow width 1s mput into the other optical
terminal 235 through the photocoupler 25 while the predeter-
mined direct-current voltage Vd exhibiting the high absorp-
tion index for the optical signal Px i1s imparted from the
direct-current power supply 24 to the power supply terminal
23¢, the mutual absorption saturation characteristic of the
clectroabsorption optlcal modulator 23 is utilized to change
the absorption index using the sampling optical pulse Ps, and
the absorption index 1s lowered for the monitoring (samphng)
object optical signal Px only when the sampling optical pulse
Ps 1s input. Therefore, the monitoring (sampling) object opti-
cal signal Px 1s passed through the optical terminal 235 to
perform the sampling using the optical sampling pulse signal.
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When the electroabsorption optical modulator 23 1s used as
the element for sampling the optical signal to perform the
sampling with the optical sampling pulse signal, the sampling
eificiency 1s determined by the 1nsertion loss of the electro-
absorption optical modulator 23.

Because the electroabsorption optical modulator 23 has the
insertion loss of about —10 dB, the sampling efficiency of the
invention becomes about —10 dB.

In the invention, the sampling efficiency of about -10 dB 1s
improved by about 10 dB or more 1n comparison with the case
where the non-linear optical material having the sampling
elficiency of about —20 dB or less 1s used as the element for
sampling the optical signal like Patent Document 1.

In the case where a change in characteristic of the absorp-
tion 1ndex with respect to the electric field of the electroab-
sorption optical modulator 23 1s shown by the letter F of FIG.
3, 1t 1s assumed that the direct-current voltage Vdc corre-
sponding to the electric field 1n which the absorption index
becomes a large value a (for example, 20 dB) 1s applied to the
power supply terminal 23¢ of the electroabsorption optical
modulator 23.

The sampling optical pulse Ps 1s input into the optical
terminal 235 of the electroabsorption optical modulator 23
such that the electric field 1s substantially changed to a direc-
tion of an arrow A of FIG. 3 by the mutual absorption satu-
ration characteristics to decrease the absorption index having
peak mtensity of a small value 3 (for example, 3 dB).

The characteristic F 1s schematically shown 1n FIG. 3.

That1s, when the sampling optical pulse Ps 1s input into the
optical terminal 235 of the electroabsorption optical modula-
tor 23, the absorption index of electroabsorption optical
modulator 23 1s lowered by the mutual absorption saturation
characteristic of the electroabsorption optical modulator 23.

Therefore, the monitoring (sampling) object optical signal
Px fed into the optical terminal 23a of the electroabsorption
optical modulator 23 i1s permitted to be passed through the
clectroabsorption optical modulator 23 as the optical pulse
signal Py which has the peak value lower than the 1nstanta-
neous intensity value at that time by a level corresponding to
the sertion loss of the electroabsorption optical modulator
23.

Thus, the monitoring (sampling) object optical signal Px
passed through the electroabsorption optical modulator 23 1s
supplied as the optical pulse signal Py from the optical ter-
minal 236 of the electroabsorption optical modulator 23
through the photocoupler 25 of the optical sampling unit 22.

Not only the circulator type in which the optical path 1s
divided according to the light beam incident direction but also
a spectral type 1n which the optical path 1s divided depending
on a difference 1n wavelength can be used as the photocoupler
235 of the optical sampling unit 22. The sampling optical pulse
Ps having the wavelength different from that of the optical
signal Px 1s used in the case of the spectral type.

In the circulator type photocoupler 26 1nserted 1n the opti-
cal terminal 23a of the electroabsorption optical modulator
23, an optical terminator 27 terminates the sampling optical
pulse Ps which 1s mput into the optical terminal 2356 and
supplied from the optical terminal 23a 1n order to prevent the
incidence (leakage) of the monitoring object optical signal Px
into the transmission path.

A parameter setting unit 28 sets the periods Ts of the
sampling optical pulse Ps and sampling clock Es, which are
supplied from the sampling optical pulse generation unit 21.

The parameter setting unit 28 receives the imformation on
the clock period Tc (or bit rate) of the data signal modulating
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the monitoring object optical signal Px and the information
on the offset time AT, and obtains the sampling period Ts
from the computation of

fs=N-Tc+AT

to set the sampling period Ts 1n the sampling optical pulse
generation unit 21.

At this point, the value of N 1s determined by the clock
period Tc of the data signal and the frequency variable range
of the signal which can be supplied from the sampling optical
pulse generation unit 21.

For example, 1t 1s assumed that the offset time AT 1s so
small that the offset time AT 1s negligible for the sampling
period Ts, and that the clock period Tc 1s about 0.1 ns (10
(GHz) while the sampling period Ts can be changed around
0.1 us (10 MHz). Then, the value of N becomes about
Ts/Tc=1000.

As described above, the optical pulse signal Py supplied
through the photocoupler 25 of the optical sampling unit 22 1s
input into the photoelectric converter 30, whereby the photo-
clectric converter 30 converts the optical pulse signal Py into
the electric signal Ey and outputs the electric signal Ey.

The analog/digital (A/D) converter 31 performs the sam-
pling of the electric signal Ey supplied from the photoelectric
converter 30, and converts the electric signal Ey into the
digital value.

The sampling performed by the A/D converter 31 1s per-
formed using a sampling clock Es synchronized with the
sampling optical pulse Ps.

In the embodiment, it 1s assumed that the electric sampling
clock Es 1s also supplied from the sampling optical pulse
generation unit 21 (the reference signal generator 21a).

The electric signal Ey 1s also output from the photoelectric
converter 30 to the fundamental wave component signal out-
put unit 35.

The fundamental wave component signal output unit 33 1s
used to output a fundamental wave component signal U hav-
ing the same frequency as the fundamental wave component
of the envelope curve wave of the pulsed electric signal Ey.
The pulsed electric signal Ey 1s supplied from the photoelec-
tric converter 30.

A filter system and a PLL (Phase-Locked Loop) system can
be cited as an example of the configuration of the fundamental
wave component signal output unit 35.

In the case of the filter system, as shown in (a) o FI1G. 4, the
sinusoidal fundamental wave component signal U 1s
extracted by a narrowband bandpass filter 35/ having the
same center frequency (1n the case of an RZ system) as the
clock frequency Fc of the data signal modulating the moni-
toring object optical signal Px or a center frequency (in the
case of an NRZ system) double the clock frequency Fc.

In the case of the PLL system, as shown in (b) o1 FI1G. 4, the
fundamental wave component signal output unit 35 includes
a narrowband bandpass filter 35a which has a center ire-
quency equal to the clock frequency Fc of the data signal
modulating the monitoring object optical signal Px or a center
frequency double the clock frequency Fc, and extracts the
sinusoidal fundamental wave component signal from the
clectric signal Ey supplied from the photoelectric converter
30; a voltage control oscillator 355 which supplies an oscil-
lation output signal having a predetermined oscillation fre-
quency; and a phase comparator 35¢ which supplies a control
signal V¢ according to a phase diflerence between the output
signal of the bandpass filter 35a and the output signal of the
voltage control oscillator 356. The fundamental wave com-
ponent signal output unit 35 controls the oscillation fre-
quency of the voltage control oscillator 356 by the control
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signal V¢ supplied from the phase comparator 35¢ and syn-
chronizes a phase of the oscillation output signal with a phase
of the output signal of the bandpass filter 35a, whereby the
fundamental wave component signal output unit 35 supplies
the synchronized sinusoidal oscillation output signal 1n the
form of the fundamental wave component signal U.

That 1s, 1n the case of the PLL system, the bandpass filter
35a has the narrowband bandpass characteristic similar to
that of the narrowband bandpass filter 35/ 1n the case of the
filter system, the output signal of the bandpass filter 354 and
the output signal of the voltage control oscillator 356 are input
into the phase comparator 35¢, the oscillation frequency of
the voltage control oscillator 355 1s controlled by the control
signal V¢ according to the phase difference between the out-
put signals, the phase of the oscillation output signal 1s syn-
chronized with the phase of the output signal of the bandpass
filter 35a, and the synchronized sinusoidal oscillation output
signal 1s used as the fundamental wave component signal SU.

Alternatively, as shown 1n (¢) of FIG. 4, the electric signal
Evy supplied from the photoelectric converter 30 1s input into
an FFT (Fast Fourier Transtorm) frequency analysis compu-
tation unit 35¢g, the frequency of the electric signal Ey 1s
analyzed to obtain the frequency of the fundamental wave
component, and the fundamental wave component signal U
having the frequency equal to the obtained frequency of the
fundamental wave component may be generated and supplied
from a signal generator 35/.

Assuming that the monitoring object optical signal Px has
the clock frequency Fc of 10 GHz and the offset time AT 1s set
to 0.1 ps, 1000-time sampling 1s required to obtain the one-bit
wavelorm data of the monitoring object optical signal Px, and
a time necessary to perform the 1000-time sampling at the
frequency Fs of about 10 MHz becomes 0.1 ms. The time of
0.1 ms 1s equal to a period of the fundamental wave compo-
nent of the envelope curve wave of the electric signal Ey, and
the frequency becomes about 10 kHz.

The fundamental wave component signal U 1s input nto
the comparator 36, the comparator 36 compares the funda-
mental wave component signal U with the predetermined
threshold value Vr preset by a threshold value setter 36, and
the comparison result 1s fed 1nto the data obtaining control
unit 38.

The data obtaining control unit 38 writes the data signal Dy
supplied from the A/D converter 31 1n the waveform memory
39 based on the output signal supplied from the comparator
36.

That 1s, the data obtaining control unit 38 starts to write the
data signal Dy in the waveform memory 39 at a time the
fundamental wave component signal U exceeds the threshold
value Vr from the lower side, and the data obtaining control
unmit 38 stands by until the fundamental wave component
signal U exceeds the threshold value Vr from the lower side
after the predetermined number W of data signals Dy are
written. The data obtaining control unit 38 repeats the opera-
tion predetermined times H.

The predetermined number W of data signals Dy 1s written
in an address order in plural different areas H of the wavelorm
memory 39.

A computation unit 40 computes a value indicating quality
of the monitoring object optical signal Px based on the data
signal Dy written 1n the waveform memory 39.

Any computation techmque may be used to compute the
value indicating the quality of the monitoring object optical
signal Px using the computation unit 40. For example, as
described in Patent Document 1, the data signal Dy written 1n
the wavetorm memory 39 1s compared with a predetermined
threshold value to classily the data signals Dy into a sample
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value belonging to data “1”” and a sample value belonging to
data “0”, an average value and a standard deviation of a group
of the sample values are obtained for each of the data *“1” and
the data “0”, and a ratio wvy of a difference u of the average
values and the sum v of the standard deviations are obtained as
a quality value Q.

It 1s shown that the quality of the monitoring object optical
signal Px 1s enhanced as the (Q value 1s increased.

A wavelorm of the monitoring object optical signal Px and

timing at which the data obtaining control unit 38 obtains the
wavetorm will be described below.

It 1s assumed that the monitoring object optical signal Px 1s
produced for a test and repeatedly modulated by a predeter-
mined code string having a predetermined bit length L as

shown 1n (a) of FIG. .

It 1s assumed that the sampling 1s performed to the moni-
toring object optical signal Px while the value of N determin-
ing the period T's of the sampling optical pulse Ps 1s equal to

integral multiplications K of the bit length L as shown 1n (b)
of FIG. 5.

The optical pulse signal Py 1s obtained by the sampling,
and the optical pulse signal Py has the envelope curve wave-
form 1n which a temporal axis of the monmitoring object optical
signal Px 1s enlarged as shown in (¢) of FIG. 5.

The electric signal Ey shown 1n (d) of FIG. 5 1s obtained
from the optical pulse signal Py.

The sinusoidal tundamental wave component signal U
shown 1n () of FIG. 3 1s obtained from the electric signal Ey.

As shownin (1) of FIG. 5, obtaining the data 1s started at the
time the fundamental wave component signal U exceeds the
threshold value VT, the data 1s obtained by the J-Tc/AT-time (J
1s an 1integer) sampling, and the data is stored in the waveform
memory 39.

The computation unmit 40 performs computation to the J-bit
wavelorm data Dy stored in the waveform memory 39, which
allows the Q value to be obtained.

Furthermore, (d) to (1) of, FIG. 5 show the repetitive wave-
forms while the temporal axes are narrowed.

In the case where an eye pattern 1s obtained, as shownin (d)
to (1) of FIG. S, obtaining the waveform data 1s started at the
time the fundamental wave component signal U exceeds the
threshold value Vr, and the processing for obtaining the J-bit
wavelform data Dy 1s performed plural times H.

As shown 1n FIG. 6, the pieces of J-bit wavelorm data Dy
obtained plural times H are stored every time in different
areas 1 to H of the wavelform memory 39.

The eye pattern shown 1n FIG. 7 can be obtained by super-
imposing the pieces of J-bit wavetorm data Dy stored every
time 1n the different areas 1 to H of the wavelform memory 39
in the address order.

Leading-end data of each piece of wavelorm data 1s
obtained by the sampling immediately after the fundamental
wave component signal U exceeds the threshold value Vr, and
the leading-end data 1s correctly synchronized with the data
signal. Therefore, the pieces of wavelorm data are not super-
imposed while the temporal axes of the pieces of wavelorm
data are largely shifted from one another, but a variation 1n
amplitude of the monitoring object optical signal Px 1s sub-
stantially correctly shown.

A relationship between the position and the quality within
the bit 1s obtained on the eye pattern shown 1n FIG. 7.

For example, the QQ value 1s computed based on a sample
value at a midpoint L. (midpoint of one bit) of two cross
positions as shown in FIG. 7.

A notification of the computed Q value 1s made to other
devices through communication means (not shown) along
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with a Q value obtained by the whole of the pieces of data
which are unrelated to the midpoint L.

As shown 1n (a) of FIG. 8, the optical signal Px actually
transmitted on an optical network does not have the simply
repetitive wavelorm.

In the case where the sampling 1s performed to the optical
signal Px which does not have the simply repetitive wavelform
using the sampling optical pulse Ps having the period Ts of
N-Tc+AT as shown 1n FIG. 8B, the sampling 1s performed to
every N-bit data of the optical signal Px at timing shifted by
AT.

The peak value of the optical pulse signal Py obtained by
the sampling becomes either an amplitude corresponding to
the data *“1” or the data *“0”” or an amplitude in a transition state
between the data “1”” and the data “0”” as shown 1n (¢) of FIG.
8 and as shown 1n (d) of FIG. 8 in which the temporal axis 1n
(c) of FIG. 8 1s narrowed. Therefore, the envelope curve wave,
in which the consecutive wavelorms of a constant interval of
the optical signal Px are enlarged, cannot be obtained.

Because the envelope curve wave includes the fundamental
wave component of the data signal modulating the optical
signal Px, the fundamental wave component signal U 1s
obtained as shown 1n (¢) of FIG. 8.

Similarly, as shown in FIG. 8F, obtaining the data 1s started
at the time the fundamental wave component signal U
exceeds the threshold Vr, and the data 1s obtained by the
I-Tc/AT-time (J 1s an integer) sampling.

The computation unit 40 performs computation to the J-bit
wavelorm data Dy, which allows the QQ value to be obtained.

Furthermore, (d) to (1) of FIG. 8 show the repetitive wave-
forms while the temporal axes are narrowed.

It 1s also can be say that the J-bit wavelorm data indicates
the eye pattern.

In the case where the eye pattern more correctly indicating
the quality of the optical signal 1s obtained using the more
sample values, as shown 1n (d) to (1) of FIG. 8, obtaining the
data 1s started at the time the fundamental wave component
signal U exceeds the threshold Vr, and the processing for
obtaining the pieces of J-bit waveiorm data Dy 1s performed
plural times H.

Similarly the pieces of J-bit waveform data Dy obtained
plural times H are stored every time 1n the different areas 1 to
H of the waveform memory 39.

The correct eye pattern can be obtained by superimposing,
the pieces of J-bit wavelorm data Dy stored every time in the
plural different areas 1 to H of the wavetorm memory 39 in the
address order.

In this case, the leading-end data of each piece of wavelorm
data 1s also obtained by the sampling immediately after the
fundamental wave component signal U exceeds the threshold
value Vr, and the leading-end data 1s correctly synchronized
with the data signal. Theretfore, the pieces of wavelorm data
are not superimposed while the temporal axes of the pieces of
wavelorm data are largely shifted from one another, but the
variation 1n amplitude of the monitoring object optical signal
Px 1s substantially correctly shown.

As described above, 1n the optical signal monitoring appa-
ratus 20, the electroabsorption optical modulator 23 1s used as
the sampling element, the monitoring object optical signal Px
1s input into the optical terminal 234 of the electroabsorption
optical modulator 23, the direct-current voltage Vdc exhibat-
ing the high absorption index for the monitoring object opti-
cal signal Px 1s applied to the power supply terminal 23c¢, the
sampling optical pulse Ps 1s input into the optical terminal 235
of the electroabsorption optical modulator 23 through the
photocoupler 25, and the absorption index for the monitoring
object optical signal Px 1s lowered by the mutual absorption
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saturation characteristic generated 1n feeding the sampling
optical pulse Ps into the optical terminal 235, whereby the
monitoring object optical signal Px 1s sampled and supplied
from the optical terminal 235 of the electroabsorption optical
modulator 23.

Accordingly, in the optical signal monitoring apparatus 20,
the sampling efficiency can be improved for the monitoring,
object optical signal Px while the optical pulse having the
narrow width 1s used 1n the sampling, so that the information
on the wavetorm can accurately be obtained even 11 the moni-
toring object optical signal Px 1s the weak optical signal.

Additionally, 1n the optical signal monitoring apparatus 20,
the fundamental wave component signal U 1s obtained from
the electric signal Ey obtained by sampling the monitoring,
object optical signal Px, and the waveform obtaining start
timing 1s synchronized. Therefore, even 1f the data signals Dy
obtained 1n different intervals are superimposed, a risk of
largely shifting the temporal axis can be eliminated to stably
obtain the eye pattern of the monitoring object optical signal
Px.

In the embodiment, the quality value of the monitoring
object optical signal Px and the eye pattern are obtained by the
computation unit 40. Alternatively, the computation unit 40 1s
omitted, the data written in each area of the waveform
memory 39 1s transmitted to another external device through
communication means (not shown), and the computation pro-
cessing of the quality of the monitoring object optical signal
Px and the display of the eye pattern may be performed on the
side of the another device.

The optical signal synchronization sampling apparatus and
method according to the imnvention can be applied not only to
the optical signal monitoring apparatus and method, but also
to an optical sampling oscilloscope and an optical spectrum
analyzer.

Thus, the mnvention can provide the optical signal synchro-
nization sampling apparatus and method, 1n which the sam-
pling of the high-speed optical signal waveform information
can accurately be performed with the high sampling eifi-
ciency and sufficient resolution while the problems of the
conventional techniques are solved, and the optical signal
monitoring apparatus and method 1n which the eye pattern of
the optical signal can stably be obtained while the optical
signal 1s correctly monitored using the optical signal synchro-
nization sampling apparatus and method.

The mvention claimed 1s:

1. An optical signal synchronization sampling apparatus
comprising;

a sampling optical pulse generation unit which emits a

sampling optical pulse having a period T's different from
a predetermined offset time AT to integral N multiplica-
tion of a clock period Tc of a data signal, the data signal
modulating a sampling object optical signal; and

an optical sampling unit which supplies an optical pulse

signal obtained by performing synchronization sam-
pling of the sampling object optical signal using the
sampling optical pulse emitted by the sampling optical
pulse generation unit,

wherein the optical sampling unit includes:

an electroabsorption optical modulator which has two opti-

cal terminals and a power supply terminal, the two opti-
cal terminals being used to input and output light, the
power supply terminal imparting an electric field to an
optical path connecting the two optical terminals, the
clectroabsorption optical modulator having a character-
istic 1n which an absorption index i1s changed with
respect to the light propagating through the optical path
according to a level of the electric field, the electroab-
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sorption optical modulator recerving the sampling
object optical signal at one of the two optical terminals;

a direct-current power supply which applies a predeter-
mined direct-current voltage to the power supply termi-
nal of the electroabsorption optical modulator, the elec-
troabsorption optical modulator exhibiting a high
absorption index with respect to the sampling object
optical signal at the predetermined direct-current volt-
age; and

a photocoupler which receives the sampling optical pulse
to mput the sampling optical pulse into another of the
two optical terminals of the electroabsorption optical
modulator, the sampling optical pulse being emitted by
the sampling optical pulse generation unit, the photo-
coupler receiving the sampling object optical signal to
output the sampling object optical signal as the optical
pulse signal, the sampling object optical signal being
emitted by the other of the two optical terminals of the
clectroabsorption optical modulator, and

wherein when the sampling optical pulse 1s mnput, the
absorption index 1s lowered by a mutual absorption satu-
ration characteristic of the electroabsorption optical
modulator, and the sampling object optical signal 1s
passed onto a side of the other of the two optical termi-
nals of the electroabsorption optical modulator to per-
form the synchronization sampling.

2. The optical signal synchronization sampling apparatus
according to claim 1, wherein, 1n order to prevent leakage of
the sampling optical pulse to a transmission path of the sam-
pling object optical signal, the sampling optical pulse being
input 1nto the other of the two optical terminals of the elec-
troabsorption optical modulator,

the optical sampling unit further includes:

a second photocoupler which 1s inserted into the one of the
two optical terminals of the electroabsorption optical
modulator; and

an optical terminator which terminates the sampling opti-
cal pulse through the second photocoupler.

3. The optical signal synchronization sampling apparatus
according to claim 1, wherein the sampling optical pulse
generation unit includes:

a reference signal generator having a synthesizer configu-
ration 1n which a stable signal 1s produced, the stable
signal having a period corresponding to a period of the
sampling optical pulse;

a multiplier which supplies the stable signal as a signal
multiplied by a factor of M (M 1s more than one), the
stable signal being produced by the reference signal
generator and having the period Ts;

a light source which emits continuous light;

an optical modulator which modulates the continuous light
emitted from the light source by the signal multiplied by
the factor of M, thereby supplying an optical pulse hav-
ing a period, the signal being supplied from the multi-
plier;

an optical gating circuit which thins out the optical pulse
emitted from the optical modulator into 1/M, and con-
verts the optical pulse into an optical pulse having the
period; and

a dispersion-decreasing fiber which narrows a pulse width
of the optical pulse having the period and converted by
the optical gating circuit, and supplies the optical pulse
in a form of the sampling optical pulse.

4. The optical signal synchronization sampling apparatus
according to claim 1, further comprising a parameter setting
unit which receives information on a clock period Tc of the
data signal modulating the sampling object optical signal or
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information on a bit rate of the data signal and information on
the predetermined oflset time to obtain a sampling period T's
of the sampling optical pulse from computation of

fs=N-Tc+AT

(where a value of N 1s determined by the clock period Tc¢ of
the data signal and a frequency variable range of a signal
which can be supplied from the sampling optical pulse gen-
eration unit),

the parameter setting unit setting the sampling period T's of
the sampling optical pulse 1n the sampling optical pulse
generation unit.

5. An optical signal monitoring apparatus comprising;:

an optical signal synchronization sampling apparatus
including a sampling optical pulse generation unit which
emits a sampling optical pulse having a period Ts dii-
ferent from a predetermined offset time AT to integral
multiplication of a clock period Tc of a data signals the
data signal modulating a monitoring object optical sig-
nal and an optical sampling unit which supplies an opti-
cal pulse signal obtained by performing synchronization
sampling of the monitoring object optical signal using
the sampling optical pulse emitted by the sampling opti-
cal pulse generation unit;

a photoelectric converter which recerves light of the optical
pulse signal supplied from the optical sampling unit of
the optical signal synchronization sampling apparatus,
and converts the optical pulse signal into an electric
signal to output the electric signal;

fundamental wave component signal output means for sup-
plying a fundamental wave component signal having a
frequency 1dentical to that of a fundamental wave com-
ponent of an envelope curve of the electric signal sup-

plied from the photoelectric converter;

a comparator which compares the fundamental wave com-
ponent signal supplied from the fundamental wave com-
ponent signal output means and a predetermined thresh-
old; and

a data obtaining control unit which starts to obtain infor-
mation on a waveform of the electric signal supplied
from the photoelectric converter at a time the fundamen-
tal wave component signal exceeds the threshold 1n the
comparison performed by the comparator,

wherein the optical sampling unit of the optical signal
synchronization sampling apparatus includes:

an electroabsorption optical modulator which has two opti-
cal terminals and a power supply terminal, the two opti-
cal terminals being used to input and output light, the
power supply terminal imparting an electric field to an
optical path connecting the two optical terminals, the
clectroabsorption optical modulator having a character-
istic 1n which an absorption index i1s changed with
respect to the light propagating through the optical path
according to a level of the electric field, the electroab-
sorption optical modulator recerving the monitoring,
object optical signal at one of the two optical terminals;

a direct-current power supply which applies a predeter-
mined direct-current voltage to the power supply termi-
nal of the electroabsorption optical modulator, the elec-
troabsorption optical modulator exhibiting a high
absorption mdex with respect to the monitoring object
optical signal at the predetermined direct-current volt-
age; and

a photocoupler which receives the sampling optical pulse
to mput the sampling optical pulse into another of the
two optical terminals of the electroabsorption optical
modulator, the sampling optical pulse being emitted
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from the sampling optical pulse generation unit of the
optical signal synchronization sampling apparatus, the
photocoupler recerving the monitoring object optical
signal to input the monitoring object optical signal as the
optical pulse signal 1nto the photoelectric converter, the
monitoring object optical signal being emitted from the
other of the two optical terminals of the electroabsorp-
tion optical modulator, and

wherein when the sampling optical pulse 1s supplied, the
absorption index 1s lowered by a mutual absorption satu-
ration characteristic of the electroabsorption optical
modulator, and the monitoring object optical signal 1s
passed onto a side of the other of the two optical termi-
nals of the electroabsorption optical modulator to per-
form the synchronization sampling.

6. The optical signal momitoring apparatus according to
claim 5, wherein, 1n order to prevent leakage of the sampling
optical pulse to a transmission path of the monitoring object
optical signal, the sampling optical pulse being input 1into the
other of the two optical terminals of the electroabsorption
optical modulator,

the optical sampling unit further includes:

a second photocoupler which 1s inserted into the one of the
two optical terminals of the electroabsorption optical
modulator; and

an optical terminator which terminates the sampling opti-
cal pulse through the second photocoupler.

7. The optical signal monitoring apparatus according to
claim 5, wherein the sampling optical pulse generation unit
includes:

a reference signal generator having a synthesizer configu-
ration 1 which a stable signal 1s produced, the stable
signal having a period Ts corresponding to a period of
the sampling optical pulse;

a multiplier which supplies the stable signal as a signal
multiplied by a factor of M (M 1s more than one), the
stable signal being produced by the reference signal
generator and having the period Ts;

a light source which emits continuous light;

an optical modulator which modulates the continuous light
emitted from the light source by the signal multiplied by
the factor of M, thereby supplying an optical pulse hav-
ing a period Ts/M, the signal being supplied from the
multiplier;

an optical gating circuit which thins out the optical pulse
emitted from the optical modulator into 1/M, and con-
verts the optical pulse into an optical pulse having the
period T's; and

a dispersion-decreasing fiber which narrows a pulse width
of the optical pulse having the period Ts and converted
by the optical gating circuit, and supplies the optical
pulse as the sampling optical pulse.

8. The optical signal monitoring apparatus according to
claim 5, further comprising a parameter setting umt which
receives information on a clock period Tc of the data signal
modulating the monitoring object optical signal or informa-
tion on a bit rate of the data signal and information on the
predetermined offset time AT to obtain a sampling period T's
of the sampling optical pulse from computation of

fs=N-Tc+AT

(where a value of N 1s determined by the clock period To of
the data signal and a frequency variable range of a signal
which can be supplied from the sampling optical pulse gen-
eration unit),
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the parameter setting unit setting the sampling period Ts of
the sampling optical pulse 1n the sampling optical pulse
generation unit.

9. The optical signal monitoring apparatus according to
claim 5, further comprising an analog/digital converter which
1s mserted between the photoelectric converter and the data
obtaining control unit, converts the electric signal from the
photoelectric converter into a digital value by sampling the
clectric signal with a sampling clock synchronized with the
sampling optical pulse, and supplies the digital value as a data
signal to the data obtaining control unit.

10. The optical signal monitoring apparatus according to
claim 9, wherein the sampling clock 1s supplied from the
sampling optical pulse generation unit while synchronized
with the sampling optical pulse.

11. The optical signal monitoring apparatus according to
claim 9, further comprising a waveform memory having a
plurality of different areas, the data obtaiming control unit
writing the data signal supplied from the A/D converter in the
arcas of the waveform memory based on the output signal
supplied from the comparator.

12. The optical signal, monitoring apparatus according to
claim 11, wherein the data obtaining control unit repeats an
operation predetermined times, and writes a predetermined
number of data signals in the plurality of different areas of the
wavelorm memory in an address order, the data obtaiming
control unit starting to write the data signal in the wavelorm
memory at a time the fundamental wave component signal
exceeds the threshold value 1n the comparator and the data
obtaining control umt standing by until, the fundamental
wave component signal exceeds the threshold value again
alter the predetermined number of data signals are written 1n
the operation.

13. The optical signal monitoring apparatus according to
claim 12, further comprising a computation unit which com-
putes a value indicating quality of the monitoring object
optical signal based on the data signal written 1n the waveform
memory.

14. The optical signal monitoring apparatus according to
claim 13, wherein the computation unit compares the data
signals written 1n the waveform memory with a predeter-
mined threshold to classify the data signals into a sample
value belonging to data “1”” and a sample value belonging to
data “0”, obtains an average value and a standard deviation of
a group of sample values for each of the data “1” and the data
“07”, and obtains a ratio w/y of a difference u between the
average values of the data *“1” and the data “0” and a sum vy of
the standard deviations as a quality value.

15. The optical signal monitoring apparatus according to
claim 13, wherein the computation unit superimposes pieces
ol predetermined-bit wavetorm data 1n the address order to
obtain an eye pattern, the predetermined number of data sig-
nals being stored in the address order in each time for said
plurality of different areas of the waveform memory in the
predetermined-bit wavelorm data.

16. The optical signal monitoring apparatus according to
claim 5, wherein,

in a filter system, the fundamental wave component signal

output umit includes a narrowband bandpass filter which
has a center frequency equal to a clock frequency of the
data signal modulating the monitoring object optical
signal or a center frequency double the clock frequency,
and extracts a sinusoidal fundamental wave component
signal from the electric signal supplied from the photo-
clectric converter.
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17. The optical signal monitoring apparatus according to
claim 5, wherein,
in a PLL (Phase-Locked Loop) system, the fundamental
wave component signal output unit includes:
a narrowband bandpass filter which has a center frequency
equal to a clock frequency Fc of the data signal modu-
lating the monitoring object optical signal or a center

frequency double the clock frequency, and extracts a
sinusoidal fundamental wave component signal from
the electric signal supplied from the photoelectric con-
verter;

a voltage control oscillator which supplies an oscillation
output signal having a predetermined oscillation fre-
quency; and

a phase comparator which supplies a control signal accord-
ing to a phase difference between an output signal of the
bandpass filter and an output signal of the voltage con-
trol oscillator, and

the oscillation frequency of the voltage control oscillator 1s
controlled by the control signal supplied from the phase
comparator and a phase of the oscillation output signal 1s
synchronized with a phase of the output signal of the
bandpass filter, whereby the synchronized sinusoidal
oscillation output signal 1s supplied as the fundamental
wave component signal.

18. The optical signal monitoring apparatus according to
claim 5, wherein the fundamental wave component signal
output umt icludes:

a frequency analysis computation unit which obtains a
frequency of a fundamental wave component by analyz-
ing a frequency of the electric signal supplied from the
photoelectric converter; and

a signal generator which produces and supplies a funda-
mental wave component signal having a frequency 1den-
tical to the fundamental wave component frequency
obtained by the frequency analysis computation unit.

19. An optical signal synchronization sampling method
comprising:

a sampling optical pulse generation step of emitting a sam-
pling optical pulse having a period Ts different from
integral a predetermined offset time AT to N multiplica-
tion of a clock period T¢ of a data signal, the data signal
modulating a sampling object optical signal; and

an optical synchronization sampling step of supplying an
optical pulse signal obtained by performing synchroni-
zation sampling of the sampling object optical signal
using the sampling optical pulse emitted by the sampling
optical pulse generation step,

wherein the optical synchromization sampling step
includes:

a step ol preparing an electroabsorption optical modulator
which has two optical terminals and a power supply
terminal, the two optical terminals being used to 1nput
and output light, the power supply terminal imparting an
clectric field to an optical path connecting the two opti-
cal terminals, the electroabsorption optical modulator
having a characteristic 1n which an absorption mndex 1s
changed with respect to the light propagating through
the optical path according to a level of the electric field,
the electroabsorption optical modulator recerving the
sampling object optical signal at one of the two optical
terminals;

a step of preparing a direct-current power supply which
applies a predetermined direct-current voltage to the
power supply terminal of the electroabsorption optical
modulator, the -electroabsorption optical modulator
exhibiting a high absorption index with respect to the
sampling object optical signal at the predetermined
direct-current voltage; and
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a step of preparing a photocoupler which recerves the sam-
pling optical pulse to mput the sampling optical pulse
into another of the two optical terminals of the electro-
absorption optical modulator, the sampling optical pulse
being emitted by the sampling optical pulse generation
umt, the photocoupler receiving the sampling object
optical signal to output the sampling object optical sig-
nal as the optical pulse signal, the sampling object opti-
cal signal being emitted by the other of the two optical
terminals of the electroabsorption optical modulator,
and

wherein when the sampling optical pulse 1s mput, the
absorption index 1s lowered by a mutual absorption satu-
ration characteristic of the electroabsorption optical
modulator, and the sampling object optical signal 1is
passed onto a side of the other of the two optical termi-
nals of the electroabsorption optical modulator to per-
form the synchronization sampling.

20. An optical signal monitoring method comprising:

a sampling optical pulse generation step of emitting a sam-
pling optical pulse having a period different from a pre-
determined offset time AT to integral N multiplication of
a clock period Tc of a data signal, the data signal modu-
lating a monitoring object optical signal;

an optical synchronization sampling step of supplying an
optical pulse signal obtained by performing synchroni-
zation sampling of the monitoring object optical signal
using the sampling optical pulse emitted by the sampling
optical pulse generation step;

a photoelectric conversion step of receiving light of the
optical pulse signal supplied from the optical synchro-
nization sampling step, and converting the optical pulse
signal into an electric signal to output the electric signal;

a Tundamental wave component signal output step of sup-
plying a fundamental wave component signal having a
frequency 1dentical to that of a fundamental wave com-
ponent of an envelope curve of the electric signal sup-
plied from the photoelectric conversion step;

a comparison step of comparing the fundamental wave
component signal supplied from the fundamental wave
component signal output step with a predetermined
threshold value; and

a data obtaining control step of starting to obtain informa-
tion on a waveform of the electric signal supplied from
the photoelectric conversion step at a time the funda-
mental wave component signal exceeds the threshold
value 1n the comparison step,

wherein the optical synchronmization sampling step
includes:

a step of preparing an electroabsorption optical modulator
which has two optical terminals and a power supply
terminal, the two optical terminals being used to input
and output light, the power supply terminal imparting an
clectric field to an optical path connecting the two opti-
cal terminals, the electroabsorption optical modulator
having a characteristic 1n which an absorption index is
changed with respect to the light propagating through
the optical path according to a level of the electric field,
the electroabsorption optical modulator receiving the
monitoring object optical signal at one of the two optical
terminals;

a step of preparing a direct-current power supply which
applies a predetermined direct-current voltage to the
power supply terminal of the electroabsorption optical
modulator, the electroabsorption optical modulator
exhibiting a high absorption index with respect to the
monitoring object optical signal at the predetermined
direct-current voltage; and
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a step of preparing a photocoupler which receives the sam-
pling optical pulse to iput the sampling optical pulse
into another of the two optical terminals of the electro-
absorption optical modulator, the sampling optical pulse
being emitted from the sampling optical pulse genera-
tion step, the photocoupler recerving the monitoring
object optical signal to input the monitoring object opti-
cal signal as the optical pulse signal into the photoelec-
tric conversion step, the monitoring object optical signal
being emitted from the other of the two optical terminals
of the electroabsorption optical modulator, and

wherein when the sampling optical pulse 1s supplied, the
absorption index 1s lowered by a mutual absorption satu-
ration characteristic of the electroabsorption optical
modulator, and the monitoring object optical signal is
passed onto a side of the other of the two optical termi-
nals of the electroabsorption optical modulator to per-
form the synchronization sampling.

21. The optical signal momtoring method according to

claim 20, further comprising:

an analog/digital conversion step of converting the electric
signal supplied from the photoelectric conversion step
into a digital value by sampling the electric signal using
a sampling clock synchronized with the sampling opti-
cal pulse, and supplying the digital value as a data signal;
and

a step of preparing a wavelorm memory having a plurality
of different areas, the data obtaining control step writing
the data signal 1n the areas of the waveform memory
based on the output signal supplied from the comparison
step, the data signal being supplied from the A/D con-
version step.

22. The optical signal momtoring method according to
claam 21, wherein, 1n the data obtaining control step, an
operation 1s repeated predetermined times, and a predeter-
mined number of data signals are written 1n the plurality of
different areas of the wavelorm memory 1n an address order,
writing of the data signal 1n the wavelorm memory being
started at a time the fundamental wave component signal
exceeds the threshold value 1n the comparison step and stand-
by being performed until the fundamental wave component
signal exceeds the threshold value again after the predeter-
mined number of data signals are written 1n the operation.

23. The optical signal monitoring method according to
claim 22, further comprising a computation step of comput-
ing a value indicating quality of the monitoring object optical
signal based on the data signal written 1n the waveform
memory.

24. The optical signal monitoring method according to
claim 23, wherein, in the computation step, the data signals
written 1n the wavelform memory are compared with a prede-
termined threshold value to classify the data signals into a
sample value belonging to data “1” and a sample value
belonging to data “0”, an average value and a standard devia-
tion of a group of sample values are obtained for each of the
data “1” and the data “0”, and a ratio wvy of a difference u
between the average values of the data “1”” and the data “0”
and a sum v of the standard deviations 1s obtained as a quality
value.

25. The optical signal momtoring method according to
claim 23, wherein, in the computation step, pieces of prede-
termined-bit wavelorm data are superimposed 1n the address
order to obtain an eye pattern, the predetermined number of
data signals being stored 1n the address order 1n each time for
said plurality of different areas of the waveform memory 1n
the predetermined-bit wavetform data.
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